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Effect of Endovascular Aneurysm Repair on the
Volume–Outcome Relationship in Aneurysm Repair
Peter J.E. Holt, PhD, MRCS; Jan D. Poloniecki, DPhil; Usman Khalid, MBBS;
Robert J. Hinchliffe, MD, MRCS; Ian M. Loftus, MD, FRCS; Matt M. Thompson, MD, FRCS
Background—We aim to quantify the relationship between the annual caseload (volume) and outcome from elective
endovascular (EVR) or open repair of abdominal aortic aneurysms (AAAs) in England between 2005 and 2007.
Methods and Results—Individual patient data were obtained from the Hospital Episode Statistics. Statistical methods
included multiple logistic regression models, mortality control charts, and safety plots to determine the nature of any
relationship between volume and outcome. The case-mix between hospitals of different sizes was examined using
observed and expected values for in-hospital mortality. Outcome measures included in-hospital mortality and hospital
length of stay. Between 2005 and 2007, a total of 57 587 patients were admitted to hospitals in England with a diagnosis
of AAA, and 11 574 underwent AAA repair. There were 7313 elective AAA repairs, of which 5668 (78%) were open
and 1645 (22%) were EVR. In-hospital mortality rates were 5.63% for all elective AAA repairs with rates of 6.18% for
open repair and 3.77% for EVR (odds ratio, 0.676; 95% CI, 0.501 to 0.913; P0.011). High-volume aneurysm services
were associated with significantly lower mortality rates overall (0.991; 0.988 to 0.994; P0.0001), for open repairs
(0.994; 0.991 to 0.998; P0.0008), and EVR (0.989; 0.982 to 0.995; P0.0007). Large endovascular units had low
mortality rates for open repairs.
Conclusion—A strong relationship existed between the volume of surgery performed and outcome from both open and
endovascular aneurysm repairs. These data support the concept that abdominal aortic surgery should be performed in
specialized units that meet a minimum volume threshold. (Circ Cardiovasc Qual Outcomes. 2009;2:624-632.)
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Previous studies have demonstrated significant relation-ships between annual caseload (volume) and outcome for
vascular surgical procedures.1–3 To date, only 1 study has
attempted to define the relationship for endovascular aneu-
rysm repair (EVR).4
The healthcare political landscape is evolving rapidly, with
many countries now advocating specialization in surgical
practice and regionalization of complex services, which
would include arterial surgery. The change in delivery of
specialized services has been driven by the increasing com-
plexity of cases undertaken and the advent of new technol-
ogy, in tandem with a focus on reporting health outcomes.5,6
With an emphasis being placed on the public reporting of
these outcomes, used to inform patient choice,7,8 elective
mortality may be used as a barometer of quality. Unfortu-
nately, elective aneurysm mortality rates remain high in the
United Kingdom.9–11
The elective mortality rate for repair of abdominal aortic
aneurysm (AAA) has assumed a greater importance since the
announcement of national screening programs for AAA,
which to be cost-effective should be based around a limited
number of screening centers, each covering a population of 1
million.12,13 The delivery of surgical repair of screen-detected
aneurysms must be performed at the lowest possible mortality
rate if it is to be an acceptable treatment for these asymptom-
atic patients, and radical models of service delivery, based on
outcomes data, have been suggested.14
To achieve these low mortality rates, vascular surgeons are
likely to use an increased use of EVR, which has a lower
mortality rate than open repair. As experience of these
techniques increases, and technology improves, it is likely
that an increasing proportion of cases will be within the scope
of routine endovascular management. Consequently, the Na-
tional Institute for Health and Clinical Excellence has re-
cently suggested that EVR should only be performed in
specialized centers with appropriate expertise in endovascular
aortic surgery. This will imply a move toward centralization
of aneurysm services.
This study aims to inform health policy, models of service
configuration, and the processes of commissioning. This will
be done by determining the nature of any relationship
between case volume and the outcome of EVR in conjunction
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with reviewing the relationship underlying open repair of
elective AAA.
WHAT IS KNOWN
● For open repair of abdominal aortic aneurysm, higher
operative volume confers a survival advantage.
● Endovascular aneurysm repair can be delivered at a
lower mortality than open repair.
WHAT THE STUDY ADDS
● Endovascular aneurysm repair demonstrated an in-
dependent volume effect.
● Total aneurysm experience (open and endovascular)
appeared to be important in determining outcome.
● The uptake of endovascular aneurysm repair is
insufficient in the English National Health Service,
which is contributing to operative deaths.
Methods
Dataset and Extraction
Hospital Episodes Statistics (HES) data were acquired for a 2-year
period from April 1, 2005, to March 31, 2007. Using in-house
programs, data for all the AAA cases and all AAA repairs were
extracted and cleaned using previously published methods.2 The data
extraction process was tristage with an initial trawl that identified all
the episodes that matched the criteria, and then a second stage to
exclude from the qualifying spells any episodes that might not have
the diagnoses or procedures of interest. A further iteration was run to
ensure that each record was reduced to 1 record per spell (admission)
to avoid double counting and individual case. In summary the post
processing involved the following 3 functions:
1. Identify all relevant episodes from all spells from the entire
HES dataset;
2. Exclude episodes from spells without codes of interest; and
3. Reduce the data to 1 record per spell.
The HES are the English National Health Service administrative dataset
and contain information on every hospital admission to an National
Health Service hospital. The data are based around 2 large coding
systems: the International Classification of Diseases, 10th Revision 10
(ICD-10) diagnostic codes; and the Office of Population, Census, and
Surveys, version 4 (OPCS-4) procedural codes. In summary, the data
extracted pertained to a diagnosis of, or repair of, an AAA along with
patient-level demographic factors and comorbidity data.
Identification of EVR Cases
The identification of EVR was not straightforward. This was because
over this study period, which mainly used OPCS-4.2, different
hospitals coded for EVR in different ways, as no unifying code was
available. Toward the end of the period 2 codes, L27 and L28, for
EVR were available under OPCS-4.3, but had not been adopted
universally by the end of the study.
To identify EVR cases, all procedural codes in the HES that
occurred in tandem with a procedural code for an AAA repair were
examined. These codes were checked manually for logic, and against
advice as to how to code EVR during this transitional period. A few
commonly used combinations of codes, either 2, 3, or 4 code runs,
were in use, and from these the most appropriate positional codes
were selected to identify only infrarenal AAA.
Having satisfied the logic of a diagnosis of AAA (ICD-10 codes
I173 or I174), the codes used to identify an EVR superset covering
of any segment of the aorta were:
● Based on OPCS 4.3: L27.1 to 9 (endovascular insertion of a stent
graft), or L28.1 to 9 (endovascular stenting of an aortic aneurysm),
or L26.5 (percutaneous insertion of stent into aorta) or L26.6
(fenestrated graft), or L26.7 (abdominal branched graft); and
● Based on OPCS 4.2: An operative code for an open aortic
aneurysm repair in combination with Y02.2 (insertion of stent into
organ) and a positional code Z34.1 to 9.
● Codes for a groin cut-down (Y52.8) and an arteriotomy approach
to an organ under CT/US guidance (Y53.2) were variably used.
From this superset of all EVR, infrarenal cases were identified by their
specific codes. Branched and fenestrated grafts were not considered.
Statistical Analyses
All analyses were performed using SAS version 9.1 (SAS Institute,
Inc). Analyses were of a combined group of elective AAA repairs,
and open and EVR subgroups. An  level of 0.05 was designated as
the value to report statistical significance in all studies. The details of
the methods used are described below and they have also been
described in previous publications.2,15
Summary data were produced for the each group. The effect of
volume on outcome was evaluated in a number of different ways
using both crude data and after risk-adjustment. The samples were
the same for both crude and adjusted analyses. The primary outcome
measure was in-hospital death, with operative complication rates and
hospital length of stay investigated as secondary outcomes.
Demographic and comorbidity data were used to identify which
diagnostic codes were related to a significantly higher or lower in-
hospital mortality. These factors were used in risk-adjustment of the
safety plots (below). Risk-adjustment was by fitting a multiple logistic
regression model. Demographic variables were used and secondary
diagnoses were included in the model if selected by a forward selection
procedure. Differences in the effect of each variable on outcome of EVR
and open repair were quantified (Tables 1 and 2). The model was a
binary logit model, and maximum likelihood estimates were generated
to estimate log odds ratios and tested using 2 tests for each variable in
the model. The independent variables were quantified in terms of odds
ratios (ORs) and 95% Wald CIs.
Mortality control charts were created for all subgroups and
showed the in-hospital mortality rate at an individual hospital against
the number of cases performed. There was visual reference to the
national mean mortality and to 95% CI. Centers that lay outside the
CIs had a less than 5% chance that their mortality rate was consistent
with the national mean.
For quintile analysis, cases were divided into volume quintiles,
each containing similar numbers of cases, for each clinical group.
The quintiles were arranged to include all hospitals of the same
volume in the same quintile, rather than splitting hospitals of the
same volume to achieve exactly the same number of cases per
quintile. Crude mortality rates were examined between the volume
quintiles and descriptive data produced for each. These analyses
were primarily descriptive and augmented the quantitative risk-
adjusted analyses from the statistical models.
Risk-adjusted safety plots were created using twice the national
average mortality as the safety threshold (k2). These plots indicate
the outlier status of individual units.15 The aim of this investigation
was to assess whether hospitals could provide evidence of safety
rather than no evidence of danger as in the mortality control charts.
Inpatient mortality rates were compared using the relative risk (RR)
of mortality at a particular hospital compared to the death rate
elsewhere. The data were arranged into 3 groups: hospitals with a RR
between 0 and 1 (0RR1; green), hospitals with a relative risk
between 1 and 2 (1RR2; blue), and hospitals with a RR greater
than 2 (2RR; red).
The probability was calculated that the relative risk of mortality at
a given hospital was different to twice that elsewhere. The proba-
bility values were displayed on a scale of log10(odds) to distinguish
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small probability values that differed by orders of magnitude. Odds
were used rather than probability values to exploit the fact that
log(odds) are equal to 0 for P0.5, and so evidence of safety and
danger were shown in different directions on the y axis.
These log10(odds) values were shown on the y axis against the
hospital procedural volume along the x axis to construct “safety
plots.” Log10(odds) of 1.3, equivalent to 1-tailed probability value of
0.05, was indicated by solid horizontal lines on the charts. Hospitals
that lay outside the 2 lines generated a significant weight of evidence
that their mortality rate was inconsistent with the threshold value,
being either higher or lower. Hospitals that lay within the “control
bands” may still have had a RR of mortality greater than, or greater
than twice, the national average, but there was insufficient evidence
to be able to identify them as “safe” or “unsafe.” Overall, this
technique provided 3 alternative states in to which hospitals fell:
● evidence of safety;
● insufficient evidence of safety or danger; and
● evidence of danger.
The case-mix at individual hospitals was investigated by calculating
the expected mortality for an individual hospital based on its
case-mix compared to that nationally. The expected number of
deaths at a hospital was calculated by fitting the model to the data
from all hospitals after excluding the hospital of interest. Estimates
from the fitted model were then obtained for the case-mix at the
excluded hospital. The observed and expected risk values for an
individual hospital were displayed graphically against the number of
cases performed at that hospital over 2 years. Finally, the observe-
d:expected risk ratios were calculated.
Results
Between April 1, 2005, and March 31, 2007, there were a
total of 57 587 admissions to hospitals in England with a
diagnosis of an infrarenal AAA. Summary data are provided
for each subgroup (Table 3).
11 574 AAA repairs were performed with 7313 elective
repairs, 1888 urgent repairs, and 2373 repairs of ruptured
AAA. The in-hospital mortality rates were 5.63%, 20.4%, and
37.8% respectively. 2522 patients were admitted with a
ruptured AAA but did not have an operation performed. The
mean age of this group was 80.6 years, and 2009 died; an
in-hospital mortality rate of 79.7%.
Of the 7313 elective AAA repairs, 5668 (78%) were open
repairs and 1645 (22%) were EVR. The mean age of patients
undergoing elective AAA repair was 72.6 years, with means
of 72.2 years in the open group and 73.9 in the EVR group.
The median length of stay was 12.9 days, being 9.42 days in
the EVR group and 13.9 days in the open group.
412 (5.63%) in-hospital deaths were observed in the
combined group, which comprised 350 (6.18%) for open
cohort and 62 (3.77%) in the EVR cohort (OR, 0.595; 95%
CI, 0.452 to 0.783; P0.0001). After adjusting for all other
factors in the risk model the overall effect of EVR in reducing
in hospital mortality remained significant (OR, 0.676; 95%
CI, 0.501 to 0.913; P0.011).
The mortality control chart for the combined group showed a
number of significant outliers, and these were predominantly
lower volume hospitals (Figure 1). A similar relationship was
seen in both the open and EVR subgroups (Figures 2 and 3).
A combined estimate for the effect of volume on mortality
was obtained from a multiple logistic regression model with
risk-adjustment for age, sex, and 11 diagnostic risk factors. It
was found that an increasing hospital volume was associated
with a significant reduction in the odds of mortality for the
combined group (OR, 0.992; 95% CI, 0.988 to 0.995;
P0.0001) with this value being a reduction in odds per
additional elective case performed. After including a factor
adjusting the combined relationship to account for the highly
significant reduction in mortality described for EVR, as well as
for comorbid conditions, the relationship was maintained (OR,
Table 1. Association of Covariates of Interest Between EVR and Open Groups
ICD-10 Code EVR Open P Value OR (95% CI)
Total No. of cases … 1645 5668
Male gender … 1404 (85.3) 4772 (84.2) 0.263 1.094 (0.938 to 1.276)
Hyperlipidemia E78 382 (23.2) 908 (16.0) 0.0001 1.586 (1.386 to 1.814)
Hypertensive heart disease I11 0 (0.00) 4 (0.07) 0.281 0.000 (0.000 to 3.309)
Hypertensive renal disease I12 69 (4.19) 152 (2.68) 0.002 1.589 (1.190 to 2.121)
Chronic ischemic heart disease I25 392 (23.8) 1270 (22.4) 0.225 1.083 (0.952 to 1.233)
Atrial fibrillation I48 177 (10.8) 733 (12.9) 0.02 0.812 (0.682 to 0.966)
CVA I63, I64 10 (0.006) 37 (0.006) 0.841 0.931 (0.468 to 1.851)
Atherosclerosis I70 65 (3.95) 188 (3.32) 0.22 1.199 (0.900 to 1.597)
Peripheral vascular disease I73 93 (5.65) 335 (5.91) 0.721 0.954 (0.753 to 1.208)
COPD J43–45 159 (9.67) 453 (7.99) 0.034 1.232 (1.019 to 1.489)
Pleural effusion J90 27 (1.64) 158 (2.79) 0.009 0.582 (0.387 to 0.876)
Bacterial infection B96 24 (1.46) 139 (2.45) 0.017 0.589 (0.382 to 0.908)
Obesity E66 19 (11.6) 45 (7.94) 0.166 1.460 (0.857 to 2.488)
Insulin-dependent diabetes mellitus E10 12 (7.29) 24 (4.23) 0.118 1.728 (0.874 to 3.418)
Non–insulin-dependent diabetes mellitus E11 152 (9.24) 587 (10.4) 0.186 0.881 (0.731 to 1.062)
Nonrheumatic aortic valve disorders I35 29 (1.76) 140 (2.47) 0.093 0.709 (0.474 to 1.058)
Essential hypertension I10 709 (43.1) 2543 (44.7) 0.248 0.937 (0.839 to 1.047)
Data are presented as n (%). The OR between the open and EVR groups of having a specific diagnosis is shown with 95% CI and
P value. CVA indicates chronic obstructive pulmonary disease; CVA, cerebrovascular accident.
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0.993; 95% CI, 0.989 to 0.997; P0.010). This equated to a
13% reduction in the odds of mortality for each additional 20
cases performed.
Exploring the relationship of open and EVR cases indepen-
dently (ie, creating a false situation in which centers provided
only open or EVR cases) provided estimates of the effect of open
and EVR independent of the other modality of treatment. The
estimates were for open repairs (OR, 0.99; 95% CI, 0.989 to
0.999; P0.0216) and EVR (OR, 0.993; 95% CI, 0.987 to
1.000; P0.0572). When the relationships were estimated in
light of true practice (ie, each hospital providing both treatment
modalities) the following estimates were generated: for open
repairs (OR, 0.994; 95% CI, 0.991 to 0.998; P0.0008) and
EVR (OR, 0.989; 95% CI, 0.982 to 0.995; P0.0007). The
rationale for these 2 analyses is discussed later. Hospitals
performing a high total volume of cases, open and EVR, had
mortality rates below the national average for open repairs even
when the predominant modality of treatment was EVR.
Increasing age was a statistically significant risk factor for
mortality for open repairs (OR, 1.045; 95% CI, 1.029 to
1.062; P0.0001), but the effect was smaller and not signif-
icant for EVR (OR, 1.024; 95% CI, 0.990 to 1.060;
P0.167). Conversely, male gender appeared protective for
EVR (OR, 0.495; 95% CI, 0.264 to 0.928; P0.028), but not
for open repair (OR, 0.889; 95% CI, 0.665 to 1.162;
P0.430). Interestingly, chronic ischemic heart disease
(P0.787), atherosclerosis (P0.175), peripheral vascular
disease (P0.630), or chronic lung disease (P0.834) were
not statistically significant factors in the risk model for EVR,
whereas they were all highly significant for open repair.
For open and EVR modalities together and separately, a
number of hospitals demonstrated procedural safety for elec-
Table 2. Summary Data for Comorbidities by Quintile and by Procedure
Quintile
Open EVR Combined
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Cases 1103 1286 980 1100 1199 320 323 306 280 416 1431 1470 1554 1287 1571
Age 71.2 72.8 72.1 73.1 71.9 72.2 74 73.1 74.9 74.1 71.3 72.9 72.5 73.5 72.9
Gender, % male 83.2 84.5 85.6 84.6 82.7 81.9 87.6 82.4 87.3 86.3 83.1 84.9 84.9 85.1 84.3
Hyperlipidemia 13.3 19 15.2 14.2 19.3 11 18.4 18.7 13.1 33.3 13.1 18.9 16 14 25.6
Hypertensive heart
disease
0 0.16 0.08 0.09 0 0 0 0 0 0 0 0.14 0.06 0.08 0
Hypertensive renal
disease
2.71 4.05 2.36 1.87 2.13 4.52 8.11 3.97 2.7 3.75 2.9 4.57 2.73 2.03 2.86
Chronic ischemic
heart disease
21.4 23.3 22.5 22.9 21.9 23.2 26.5 19.8 25.9 24.5 21.6 23.7 21.9 23.5 23.1
Atrial fibrillation 12.7 13.4 13 11.1 14.8 11.6 9.73 8.22 10 12.4 12.6 12.9 11.9 10.9 13.7
CVA 0.53 0.73 0.67 0.56 0.83 0.65 0.54 0.28 0 1.01 0.54 0.7 0.58 0.45 0.91
Atherosclerosis 3.47 2.27 5.05 2.8 2.84 6.45 8.11 3.68 1.93 3.17 3.78 3.03 4.74 2.63 2.99
Peripheral
vascular disease
5.88 6.39 4.63 5.13 8.04 3.87 7.03 3.68 7.34 6.06 5.67 6.47 4.41 5.56 7.15
COPD 11.6 12.7 12.5 12.1 11.9 11 9.73 15.9 17.8 14.1 11.5 12.3 13.3 13.2 12.9
Pleural effusion 2.87 2.59 3.54 1.96 2.96 1.29 3.24 1.98 1.16 1.3 2.7 2.67 3.18 1.8 2.21
Bacterial infection 2.41 3.07 1.94 2.43 2.36 0 3.24 2.83 0.77 0.87 2.16 3.1 2.14 2.1 1.69
Obesity 0.9 0.57 1.18 0.56 0.71 1.94 1.62 1.42 1.54 0.58 1.01 0.7 1.23 0.75 0.65
Insulin-dependent
diabetes mellitus
0.38 0.32 0.34 0.56 0.59 0 1.08 0.57 1.16 0.72 0.34 0.42 0.39 0.68 0.65
Non–insulin-
dependent
diabetes mellitus
7.69 9.71 8.75 8.58 8.16 9.68 11.9 8.5 10 8.51 7.9 9.99 8.7 8.87 8.32
Nonrheumatic
aortic valve
disorders
3.09 1.78 3.7 1.4 2.13 2.58 1.62 3.12 0.77 1.3 3.04 1.76 3.57 1.28 1.75
Essential
hypertension
41.7 47 41.8 45.8 48.7 38.7 34.1 39.1 40.2 49.6 41.4 45.3 41.2 44.7 49.1
The diagnoses were based on ICD-10 codes. CVA indicates cerebrovascular accident; COPD, chronic obstructive pulmonary disease.
Table 3. Summary Data of All AAA Cases in England Between 1.4.5 and 31.3.7
Cases Deaths MR, % Mean Age, y Median LOS, d Mean No. Cx, %
Diagnosis only 43491 4415 10.2 … … …
Nonoperated rupture 2522 2009 79.7 80.6 6.24 21.7
Elective 7313 412 5.6% 72.6 12.9 24.4
Urgent 1888 386 20.4 71.7 22.1 39.7
Ruptured 2373 899 37.9% 74.0 17.4 46.1
MR indicates mortality rate; LOS, length of stay; and Cx, complications.
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tive AAA repairs, after risk-adjustment, and in all subgroups
a small number of hospitals demonstrated evidence of danger
(Figures 4 through 6).
Analysis by volume quintiles demonstrated significant
relationships between the annual case volume undertaken and
mortality for all groups (Table 4). In particular those hospitals
performing fewer than 8 EVR per annum had mortality rates
significantly higher than all other hospitals performing EVR
(6.88% versus 3.02%; OR, 2.370; 95% CI, 1.397 to 4.032;
P0.003). Of 91 hospitals with an endovascular service, 64
performed fewer than 8 repairs per annum. Of 134 hospitals
performing open AAA repair, 59 were in the lowest volume
quintile performing fewer than 15.5 repairs per annum.
The median length of stay was lower at higher volume
hospitals for EVR with a median of 7.25 days in the highest
volume quintile against 10.2 days in all other quintiles combined
(Figure 7).
Hospitals performing a higher number of cases, either EVR
or open, had a higher predicted operative death rate than
lower volume hospitals (7% versus 5%), but a lower observed
death rate than predicted (Figure 8). In almost every hospital
performing more than 100 repairs per annum the observed
number of deaths was lower than the expected number, a
relationship not observed in lower volume hospitals.
Discussion
This study demonstrated significant volume-related improve-
ments for in-hospital mortality for AAA repair, even after
account was taken for the beneficial effects on mortality rates
of EVR. The results implied interdependency between open
Figure 1. Mortality-control chart of the in-hospital death rate against the number of elective AAA procedures (n7313) performed by
individual hospitals in England over a 2-year period from 2005 to 2007. The crosses represent each individual Trust that provides either
open or endovascular aneurysm repair (n134). The black horizontal line represents the national mean mortality rate. The curved lines
represent the upper and lower 95% CIs from the mean. It can be seen that there were a number of hospitals with outlying mortality
rates, lying above the upper 95% CI. These tended to be lower volume hospitals.
Figure 2. The distribution of mortality rates for open aneurysm repair (n5668). The crosses represent each individual Trust that pro-
vides open repair (n134). Outlying centers are seen at low volumes of surgery.
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and endovascular outcomes such that hospitals with a greater
total aneurysm experience had improved outcomes irrespec-
tive of the treatment modality used. Hospitals with a higher
total aneurysm experience were more likely to operate on
patients of a higher risk but had a lower overall in-hospital
mortality despite this. The mechanisms underlying these
results are complex and have been discussed in detail,1 but
were likely to represent a combined effect of high volume
specialist surgeons, better equipped intensive care units, and
locally available support services.
Previous studies have demonstrated a strong volume-
outcome relationship for open AAA repair,1,2,16,17 but to date
only 1 study has investigated the relationship between EVR
volume and outcome.4 The findings of this study corroborate
those previously published and add to the limited evidence
base regarding the effective delivery of these procedures. The
scale of effect, including the finding of a higher magnitude of
effect for EVR than open repair, was consistent between this
study and the North American study.4 This conclusion is
drawn from both the estimate of the volume-outcome rela-
tionship for EVR alone (OR, 0.993) and from the estimate of
EVR within systems that provided open repair and EVR (OR,
0.989). This is important as the confidence limits of the
theoretical EVR-only analysis are at present broad, as there
were a smaller number of cases and deaths than for open
repairs over this limited time period. The data are highly
suggestive of an independent volume effect for EVR that was
stronger than that of open repair. This finding was perhaps
unexpected, but the agreement between these 2 large
population-based studies should not be underestimated and
the results should be used to inform health policy. Certainly,
when taken in the light of clinical practice where hospitals
perform both open repair and EVR the results were highly
significant for both modalities of treatment after adjustment
for the other modality.
Further agreement was found between these 2 studies in
the low uptake of EVR on a national basis, which was likely
to be inappropriate given the proven survival advantage
delivered through EVR,18 a fact reinforced by these data. The
reduction in postoperative mortality observed was very sim-
ilar to that described in the original trials assessing EVR,
although, as would be expected for a population-based study,
the observed death rates were somewhat higher than those
reported only from selected trial centers.
The results from the present study provided further evi-
dence that aneurysm services should be regionalized to
high-volume hospitals. This suggestion would appear to be
concordant with those of a recent major review of the
Figure 4. Safety chart for elective AAA
surgery (all modalities n7313) testing a
threshold at twice the national average
mortality rate. There was evidence that 3
hospitals had mortality rates significantly
in excess of twice the national average
(red dots above the upper line). A number
of hospitals showed evidence of safety
(green and blue dots below the lower
line).
Figure 3. The distribution of mortality rates for EVR (n1645). The crosses represent each individual Trust that provides EVR (n91).
Wide variations in outcome can be seen at low case volumes with outliers identified.
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organization of health services,6 which stated that clinicians
must ensure that the care delivered to patients is of high
quality and safe, as well as being cost-effective. The sugges-
tion was that this would involve the strategic reconfiguration
of complex surgical services, which would include AAA
repair. The major aim for aneurysm services must be to offer
all patients EVR where suitable, but with surgery performed
within high-volume specialist centers.
The safety plots presented in conjunction with the other
analyses of volume and outcome highlighted the fact that the
demonstration of safety was in part dependent on case
volume. Both of these factors (safety and volume) formed the
basis of a recent model for the provision of aneurysm services
in England, which demonstrated that the reconfiguration of
services might prevent a significant number of operative
deaths for AAA repair.14 When this published model was
applied to these data, another significant reduction in mortal-
ity was shown (P0.037) which would support an immediate
drive to reconfigure services.
These data would also suggest that the uptake of EVR was
low in England, approximately 1 in 5 cases performed, when
compared to European and Australasian countries. In support
of these results were the similar findings of other sources of
data such as those provided by BIBA Medical, Vascunet, and
the National Vascular Database.9–11 One confounding factor
might be the complexity of identifying EVR cases at this
stage. Although every attempt was made to determine the true
number of EVR performed, the clinical coding systems over
the study period did not provide a single unifying code for
EVR, and so it was not possible to be certain about the case
identification process, which was complex. There are now
specific EVR codes in use and their uptake should be
enforced in preference to any local coding arrangements.
Refinements in systems for the reimbursement of clinical
activities should reflect these changes in coding and provide
an incentive for their use.
As well as being consistent in terms of the proportion of
EVR performed, these data were consistent with registry data
in terms of the proportion of patients reporting specific
comorbidities.9 Clearly there is scope for improving both clinical
coding and the completeness and accuracy of national datasets,
but the consistency of these results is at least reassuring.
A national aneurysm-screening program will commence in
selected centers in England from 2009 with further expansion
expected over the next 5 years. This is expected to reduce
aneurysm-related mortality on a population basis through
early diagnosis and the prevention of aneurysm rupture.
Screening will be associated with concurrent increases in the
Figure 5. Safety chart for open AAA surgery testing a threshold at twice the national average mortality rate for open repair (n5668).
There was evidence that some hospitals had mortality rates significantly in excess of twice the national average (red dots above the
upper line). A number of hospitals showed evidence of safety (green and blue dots below the lower line).
Figure 6. Safety chart for elective EVR
testing a threshold at twice the national
average mortality rate for EVR (n1645).
There was evidence that some hospitals
had mortality rates significantly in excess
of twice the national average (red dots
above the upper line). A number of hospi-
tals showed evidence of safety (green
and blue dots below the lower line).
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number of elective AAA procedures performed as diagnosis
rates increase.13 It is only appropriate to screen patients when
a treatment can be offered that is acceptable to those patients.
For AAA, this must comprise the delivery of elective aneu-
rysm repair at the lowest possible operative mortality rate,
which under current practice would include limiting the
treatment of screen-detected cases to high volume hospitals
experienced in EVR.
A focus on health outcomes is central to the assessment of
a modern health service, together with a will to reduce
unwanted variations in these measured outcomes.5 As low
case volume has been identified as one source of these
variations in outcomes, it may be that service commissioning
groups, or purchasers, will support the formation of desig-
nated aneurysm centers and that these hospitals are likely to
be the same as those from which aneurysm screening pro-
grams will ultimately be delivered.
It may be possible that the very high mortality seen in the first
quintile of the EVR group might have reflected a learning curve
for newer centers undertaking EVR. If this was the case, then
there may be consequences for the way in which, or duration for
which, surgeons and radiologists are mentored in the initial
stages of an endovascular program. It would seem unlikely that
there is a need for two thirds of all centers (64 of 91) performing
EVR to be doing so at annual volumes of fewer than 8 cases.
Similarly, half of all hospitals performing open repair were
doing fewer than 15 cases a year. A more pragmatic view might
be to accept that there are already too many aneurysm services
in England and that efforts would be best channeled into
formalizing clinical network arrangements, rather than setting up
new low-volume centers.
One question that arose from these results was as to the true
nature of the relationship between volume and outcome.
Table 4. Summary Data by Volume Quintile and by Mode of Treatment
Volume Quintile No. of Trusts No. of Cases No. of Deaths
Mortality
Rate, %
Threshold
No. of Cases Mean Age, y
Median Length
of Stay, d
Combined 134 7313 412 5.63 … 72.6 12.9
1 62 1431 105 7.34 21 71.8 13.9
2 30 1470 102 6.94 27.5 73.0 14.2
3 22 1554 92 5.92 42.5 72.9 12.9
4 12 1287 56 4.35 74 73.3 12.5
5 8 1571 57 3.63 129 72.0 11.3
Open 134 5668 350 6.18 … 72.2 13.9
1 59 1103 87 7.89 15.5 71.3 14.5
2 32 1286 90 7 23 72.6 14.8
3 18 980 64 6.53 32 72.5 13.9
4 15 1100 48 4.36 43 72.8 12.4
5 10 1199 61 5.09 76.5 71.8 13.9
EVR 91 1645 62 3.77 … 73.9 9.42
1 64 320 22 6.88 8 73.5 10.23
2 14 323 7 2.17 15 74.7 9.61
3 8 306 16 5.23 26.5 74.5 10.63
4 3 280 5 1.79 65.5 73.8 10.21
5 2 416 12 2.88 115 73.4 7.25
Figure 7. Plot showing the relationship between case volume (y axis), in-hospital mortality rate (x axis), and the hospital length of stay
(z axis) for EVR cases (n1645) between 2005 to 2007. Hospitals performing a higher case volume of surgery had both lower mortality
rates and shorter lengths of stay.
Holt et al Volume–Outcome Relationship for EVR 631
 by guest on January 13, 2014http://circoutcomes.ahajournals.org/Downloaded from 
Although multiple logistic regression models were used
correctly in this study to provide risk-adjusted point estimates
for operative risk, it was possible that the relationship was not
in fact linear for EVR. For both the open and combined
groups the quintile results did appear to fit a linear model with
r2 greater than 0.8, but the statistic was lower for EVR. The
implication of this was, not that the relationship was neither
robust nor significant, but more that the extent of the reduction
in odds of mortality might be overestimated at the extreme of
high volume in this linear model. As such the magnitude of
effect for each modality has not been reported, in terms of the
odds ratio of mortality per case by modality, but only the overall
effect estimate. Future studies should focus on this relationship
for EVR and aim to define the nature of the relationship through
a detailed statistical curve-fitting exercise.
Conclusion
A strong relationship exists between the volume of surgery
performed and outcome from both elective open and endo-
vascular aneurysm repair. These data support the formation of
a regionalized service for aneurysm repair. This is likely to
occur in conjunction with other vascular surgical services.
Aneurysm screening services should be formed around these
vascular surgical centers. These results should be used to
inform the commissioning of services.
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Figure 8. The observed-overexpected mortality ratio by individual hospital against the volume of surgery performed over 2 years
(n7313). Higher volume hospitals were more likely to operate below their expected risk based on a 13 factor logistic regression risk
model for elective AAA repairs. Although many lower volume hospitals did perform better than expected, others performed significantly
worse than expected.
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